Background Identifying pancreatic cancer patients at high risk of early mortality following pancreaticoduodenectomy (PD) is important for treatment decisions in a multidisciplinary setting. This study examines the preoperative predictors of early mortality following PD and combines these variables into an early mortality risk score (EMRS). Methods Medical records of patients who underwent PD for pancreatic adenocarcinoma at the Johns Hopkins Hospital between 30 August 1993 and 28 February 2005 were reviewed. Cox proportional hazards analysis was performed to identify predictors of early mortality, defined as death at 9 and 12 months. EMRS was constructed from univariate associated risk factors (age >75 years, tumor size ≥3cm, poor differentiation, co-morbid diseases) with each factor assigned 1 point (range of 0-4). EMRS was evaluated as an independent predictor of death at 9 and 12 months. Results On univariate analysis, risk factors for death at 9 months included age ≥75 years (RR, 1.6; p0.009), comorbid disease (RR, 1.5; p00.020), tumor ≥3 cm (RR, 1.4; P00.050), and poor differentiation (RR, 2.1; P<0.001). EMRS was associated with early mortality among those who did (p00.038) and did not receive adjuvant treatment (p<0.001). A modified EMRS without tumor differentiation was also associated with early mortality (p<0.001). Results persisted when reanalyzed using death at 12 months. Conclusions EMRS may identify patients at risk of early mortality following PD who may be candidates for alternatively sequenced treatment protocols. Prospective validation of this EMRS is needed.
Introduction
In 2010, there were an estimated 43,140 cases of pancreatic adenocarcinoma diagnosed in the USA. 1 While surgical resection is the only curative modality for those with localized disease, only 10-15% of pancreatic adenocarcinoma patients are resectable at presentation. [2] [3] [4] [5] For those who undergo a potentially curative resection, prognosis remains poor, with 5-year survival rate of <20%. [4] [5] [6] Additionally, up to 30% of patients who undergo a pancreaticoduodenectomy (PD) die within 1 year. 7 Both systemic and local relapses are common following PD or total pancreatectomy, suggesting that systemic and local adjuvant therapies are also needed. 8 The identification of patients at risk of early failure can be used to determine those patients in whom it may be appropriate to explore alternative sequencing of treatment.
Neoadjuvant chemoradiation (CRT) for pancreatic adenocarcinoma provides several theoretical benefits over upfront surgery, including an increased likelihood that patients receive planned therapy, delivery of systemic therapy without delay, improved resectability of marginally unresectable disease, and better prospects of attaining negative surgical margins. Perhaps most importantly, clinically aggressive occult metastatic disease may manifest during neoadjuvant treatment, reducing the likelihood of an ineffective PD and its associated morbidity. Several nonrandomized studies have demonstrated favorable median survival (range, 21-23.9 months) in borderline resectable patients given neoadjuvant therapy. [9] [10] [11] [12] [13] [14] However, in the absence of phase III evidence comparing neoadjuvant CRT with adjuvant CRT, there is no clear method to identify which patients could benefit from preoperative therapy. 15 It would, therefore, be useful to identify specific subpopulations with poor outcomes from PD in order to avoid aggressive surgical management in patients who are unlikely to benefit from it and to investigate the role of other approaches such as neoadjuvant treatment in these patients. Our goal was to create a tool that can help define patients at risk of early mortality after PD with curative intent. The study proposes to (1) determine which factors predict early mortality, (2) develop a preoperatively obtainable early mortality risk score (EMRS), and (3) assess for EMRS associations with margin and node positivity.
Materials and Methods

Patients and Methods
Between 30 August 1993 and 28 February 2005, data were prospectively collected on all patients undergoing elective PD or total pancreatectomy for pancreatic adenocarcinoma at the Johns Hopkins Hospital (JHH). Bile duct, ampullary, and duodenal adenocarcinomas and distal pancreatic cancers were excluded. Patients underwent a pylorus-preserving, standard (hemigastrectomy), or total PD. The standard surgical approaches at JHH are described elsewhere. 16 Johns Hopkins University institutional review board approval was granted prior to chart review. Nine hundred eight patients underwent surgical resection for ductal adenocarcinoma at JHH during the period of the study. Patients were excluded if they were found to have T4 or M1 disease at the time of surgery or if they were missing data for pathologic tumor size, node status, pathologic tumor histology grade, or comorbid disease (n0 168). Patients who experienced perioperative mortality defined as in-hospital mortality or death ≤60 days after PD were also excluded. Information regarding borderline resectable status based on preoperative imaging was unavailable. The final study population included 740 patients who underwent resection with curative intent for pancreatic adenocarcinoma. Of these 740 patients, 392 (53.0%) were treated with adjuvant therapy, while 348 (47.0%) received surgery alone. Adjuvant therapy most commonly consisted of 5-fluorouracil (5-FU)-based CRT (n0367, 93.6%), with the remaining patients receiving chemotherapy alone, radiation alone, or CRT with a different systemic agent. Patient follow-up information was obtained from paper and electronic hospital charts. Survival was determined and cross-checked by review of clinical follow-up information, cancer center abstracting services, and the social security death index.
Preoperative information was prospectively collected. Comorbid conditions included diabetes mellitus (DM), hypertension, cardiovascular disease (CVD), and chronic obstructive pulmonary disease (COPD). Patients were classified as having DM if they were diagnosed prior to surgical resection. Data describing postoperative complications were collected and described elsewhere. 17 Following surgery, most patients were seen by a medical and radiation oncologist and offered standard therapy at our institution, which consisted of continuous 5-FU infusion with radiation therapy followed by maintenance 5-FU for an additional 2-6 months. Patients with a satisfactory recovery from PD were encouraged to accept either standard or protocol therapy. Patients treated elsewhere were given the same recommendations prior to discharge as those patients treated at our institution. These recommendations were often communicated to referring physicians in a dictated consultation. Patients who were offered adjuvant treatment and elected to receive no therapy did so after being informed fully about the potential risks and benefits of such therapy.
Of the 367 patients who received either adjuvant radiation or CRT therapy, 51.2% received treatment at JHH, while 48.8% were treated at other facilities. The median daily fraction size and total dose of radiation for those patients treated at our institution was 180 and 5,000 cGy, respectively. The majority of patients treated at JHH received a continuous course of radiation therapy without a planned break (79%). The details of therapy and toxicities could not be fully assessed for patients treated elsewhere.
Statistical Analysis
Statistical analyses were performed using STATA, version 9 (Stata, College Station, TX, USA). Summary statistics for continuous and dichotomous variables are provided. Tests of differences were performed using t tests and χ 2 tests. For characteristics with individuals missing data, χ 2 tests were performed, including only those with known status, as indicated. The primary outcome was early mortality. In defining early mortality, it was important to choose a survival time that reflected a significantly worse outcome when compared to expected survival in our population (∼18 months) but that also allowed for sufficient follow-up to examine associations with preoperative variables. 16 We, therefore, used death within both 9 and 12 months from surgery as appropriate definitions of early mortality and attempted to construct a risk score that would predict early mortality within these time intervals. Survival curves were estimated using the Kaplan-Meier technique. 18 Comparisons of survival between groups were made using the log-rank test. Median overall survival (OS; in months) with 95% confidence intervals was estimated within each risk group and by adjuvant treatment.
Proportional hazards models were used to examine the association with early mortality of preoperative and postoperative patient characteristics. 19 Univariate analyses were used to examine individual risk factors and associations with early mortality at 9 months (n0154) and at 12 months (n0236). The EMRS consisted of dichotomous preoperatively obtainable risk factors associated with early mortality. Each risk factor was assigned 1 point if positive: age >75 years, tumor size ≥3 cm, histologic grade of poor differentiation or worse, and comorbid disease (hypertension, DM, CVD, or COPD). Tumor size and histology were based on operative pathologic specimens, and it was assumed that preoperative assessment of these characteristics would not significantly differ for the purposes of this study. Each risk factor was assigned 1 point and summed, with the EMRS ranging 0-4 for each patient. Furthermore, we examined a secondary version of the EMRS which did not include histologic grade as a factor so that the predictive score would be applicable to patients for whom tumor grade is not available preoperatively. Additionally, χ 2 tests and logistic regression were used to assess associations between EMRS and postoperative margin positive status and node positive status.
EMRS was evaluated as a predictor of early mortality in both unadjusted and adjusted analyses in the total patient population, as well as in analyses stratified by adjuvant treatment status. Multivariate analyses were adjusted for sex, race, surgery type, node status, margin status, and postoperative complications.
Results
Characteristics and Associations with Early Mortality
Median follow-up for our study population was 18.3 months. Overall median survival was 18.2 months (95% CI, 16.9-19.6). Of the 740 patients who underwent resection with curative intent, 154 (20.8%) had early mortality when defined as death within 9 months of surgery, while 236 (31.9%) had early mortality when defined as death within 12 months of surgery. Table 1 describes the preoperatively and postoperatively obtainable characteristics and their associations with early mortality at 9 months. Among characteristics that could be preoperatively obtained, age >75 years (RR, 1.56; 95% CI, 1.11-2.20; p00.009), tumor size ≥3 cm (RR, 1.37; 95% CI, 1.00-1.89; p00.050; logrank p-value=0.049), comorbid disease (RR, 1.49; 95% CI, 1.06-2.08; p00.020), and histologic grade of at least poor differentiation (RR, 2.12; 95% CI, 1.53-2.92; p<0.001) were each associated with early mortality. Amongst postoperative characteristics, node positive status (RR, 1.58; 95% CI, 1.01-2.49; p00.046), margin status (RR, 1.36; 95% CI, 1.15-1.61; p<0.001), and postoperative complications (RR, 1.88; 95% CI, 1.37-2.57; p<0.001) were associated with early mortality, whereas adjuvant treatment was inversely associated with early mortality (unadjusted RR, 0.33; 95% CI, 0.23-0.47; p<0.001). Table 2 summarizes these data for death at 12 months. Note that the preoperative characteristics associated with early mortality remained the same for the 12-month analysis.
Evaluation of the Early Mortality Risk Score
Based on the associations with early mortality of those characteristics which could be preoperatively obtained, the EMRS was formulated using the characteristics: age >75 years, tumor size ≥3 cm, comorbid disease, and histologic grade of at least poor differentiation, with each characteristic contributing 1 point (based on the similarity among relative risk values). The distribution of scores among our patient population was: score 0 (n090, 12%), score 1 (n0248, 33%), score 2 (n0256, 35%), score 3 (n0 132, 18%), and score 4 (n014, 2%). As seen in Fig. 1 , the EMRS predicts for early mortality at 9 months (p trend< 0.001). Compared to an EMRS of 0, a score of 1 was associated with an increased risk of mortality (RR, 2.04) that was borderline statistically significant in our total population (p00.08). For those with EMRS of at least 2, each increase of 1 point in score was associated significantly with early mortality (EMRS 2: RR03.30, p00.003; EMRS 3: RR04.75, p<0.001; and EMRS 4: RR09.31, p<0.001). In Table 1 CRT chemoradiation a Number missing from analyses: vascular invasion (n0191), perineural invasion (n0157) CRT chemoradiation a Number missing from analyses: vascular invasion (n0191), perineural invasion (n0157) our study, when we stratified by adjuvant CRT status, we saw similar associations between the EMRS and mortality (Figs. 2 and 3 ). In Fig. 2 , among patients who underwent adjuvant treatment, the EMRS score was associated with increased 9-month mortality (p trend00.038). Additionally, an EMRS score of 3 was associated with increased early mortality at 9 months compared to score 0 (RR, 3.92; p0 0.018; Fig. 2 ), and adjustment for location of adjuvant radiation treatment did not significantly alter this risk estimate (RR, 3.65; p00.026). As shown in Fig. 3 Since it has been demonstrated that adjuvant CRT is associated with improved survival within our cohort, we focused on further validation of the EMRS among those who did not receive adjuvant treatment. 16, 17 Table 3 details the univariate and multivariate associations of the EMRS with early mortality at 9 months among patients who underwent PD without adjuvant treatment. The p trend was statistically significant in both models (p<0.001). After adjustment for potential confounders, compared to score 0, each increase in the score above 1 significantly predicted early mortality. In fact, having a risk score of 4 resulted in an Fig. 1 Kaplan-Meier curves comparing OS in all patients, stratified by EMRS. EMRS above 1 was significantly associated with an increased risk of early mortality Fig. 2 Kaplan-Meier curves comparing OS in patients who received any form of adjuvant therapy following resection, stratified by EMRS. EMRS above 2 was significantly associated with an increased risk of early mortality approximately nine times greater risk of early mortality. Table 4 indicates similar results when early mortality was defined as death within 12 months.
At certain institutions, preoperative pancreatic biopsies are infrequently performed when patients have clearly resectable pancreatic masses. Therefore, we evaluated a revised EMRS that did not incorporate histologic grade to ensure that the score would remain applicable to those patients in whom tissue was not preoperatively sampled. The revised EMRS, therefore, included age ≥75 years, comorbid disease, and tumor size ≥3 cm (range, 0-3 points). The revised EMRS had a distribution among our patients of score 0 (n0153, 21%), score 1 (n0325, 44%), and scores 2-3 (n0262, 35%) and also predicted early mortality. As shown in Fig. 4 , patients with a revised EMRS score of 2 or greater had an RR of 2.54 (p<0.001) when compared to those with a score of 0, with roughly 40% not surviving for 9 months following surgery. This relationship persisted when early mortality was defined as death within 12 months. With early mortality at 12 months, those patients with an EMRS of 2 or greater had an RR of 2.22 (p<0.001) when compared to patients with a score of 0.
Finally, we determined that EMRS was associated with pathologic margin positive status (p00.003) but not with node positivity (p 00.364). Compared to those with an EMRS of 0, patients with scores of 2 to 4 had increased relative odds of margin positive disease of 2.08 (p00.005) to 3.99 (p00.022), respectively. More than 50% of those with an EMRS of 3 or more had margin positive disease at resection.
Discussion
Utilizing the experience of a high-volume center for the treatment of pancreatic adenocarcinoma, we established that age, tumor size, tumor differentiation, and comorbid disease are preoperatively obtainable characteristics which are associated with clinically significant early mortality following resection with curative intent. The EMRS, a simple scoring system composed of these variables, was demonstrated to strongly predict for death within 9 months of surgery. Additionally, the EMRS remained a strong predictor of death within 12 months of surgery. Furthermore, the EMRS was a Fig. 3 Kaplan-Meier curves comparing OS in patients who did not receive adjuvant therapy following resection, stratified by EMRS. EMRS above 1 was significantly associated with an increased risk of early mortality EMRS early mortality risk score significant predictor of early mortality regardless of whether patients received adjuvant therapy. Notably, among patients who underwent surgery without adjuvant CRT, approximately 70% with an EMRS of 4 died before surviving 9 months postoperatively and approximately one third with an EMRS of 2 or 3 died within the same period. While the EMRS must be validated in a prospective study before being incorporated clinically, it may help clinicians select patients for protocols that examine alternatives to upfront surgery, such as neoadjuvant chemotherapy, CRT, or supportive care. By identifying those who may rapidly progress, the EMRS may also allow clinicians to better counsel patients regarding the risks and benefits of various treatment options. Considerable controversy exists regarding the appropriate choice and timing of local and systemic therapies for resectable pancreatic cancer. In the USA, CRT is typically given postoperatively based on several trials and retrospective studies which have demonstrated the utility of adjuvant CRT. 16, 17, [20] [21] [22] [23] However, within the adjuvant setting, a large percentage of patients may not actually receive or complete adjuvant therapy because of treatment biases, referral patterns, and/or complications from surgery or treatmentrelated toxicity. For example, various series have shown that prolonged recovery following PD prevents the delivery of planned adjuvant CRT in 25-30% of cases. 17, 21, 24 Offering preoperative neoadjuvant therapy instead of upfront surgery in patients at a very high risk of early mortality following PD may be advantageous for a number of reasons. 9, 15, 25, 26 First, it would necessitate that these patients receive chemotherapy and/or CRT prior to surgery, allowing them to attain the potential benefits of multimodality therapy. 25 Second, there would be no delay in the delivery of systemic treatment as there would be with adjuvant therapy. 10 Third, neoadjuvant therapy may improve resectability of marginally unresectable tumors and decrease the likelihood of margin positive resections, resulting in improved local control. 15, 27 Fourth, and perhaps the most important rationale for neoadjuvant treatment, is that patients with aggressive, occult metastatic disease could be identified prior to surgery and spared the potential morbidity of a PD, as they are unlikely to benefit from surgery. 10 Indeed, several major academic centers have achieved favorable results with neoadjuvant therapy in patients with technically resectable pancreatic cancer, although it should be noted that the existing literature largely consists of single-institution experiences. [9] [10] [11] [12] [13] [14] [15] 20, 21, 26 There are several limitations to our current study. Given the study's retrospective design, there are potential confounders which were not accounted for in our analysis, such as performance status and reasons for withholding adjuvant CRT. These potential confounders are particularly relevant when examining absolute differences in the predictive ability of EMRS with respect to adjuvant therapy. Nonetheless, the fact that all patients in our cohort were deemed fit for PD suggests that preoperative performance status was not grossly dissimilar. Other relevant variables that were unavailable for the majority of our patients include preoperative CA 19-9 level and duration of symptoms prior to treatment, two factors shown to predict early mortality in another series. 28 Also, preoperative assessment of borderline resectability by CT imaging was not taken into account, as these were all patients who underwent PD with curative intent. Borderline resectability is considered an indication for neoadjuvant treatment. 15 Furthermore, although the EMRS consists of characteristics which are ideally obtainable preoperatively, tumor size in our study was based on pathologic assessment of operative specimens. While improvements in CT imaging have Fig. 4 Kaplan-Meier curves comparing OS in all patients, stratified by the revised EMRS. EMRS above 1 was significantly associated with an increased risk of early mortality allowed a high degree of accuracy in the prediction of tumor size, a recent study with pancreatic protocol multidetector CT imaging did suggest that imaging underestimates maximum tumor diameter (MTD) by a median of 7 mm. 29 A study from our institution also found that conventional CT underestimated MTD as assessed by final pathology (p0 0.08), but no significant difference was found between 3D-CT MTD and pathology (p00.54) (manuscript submitted). Therefore, future studies of the EMRS should ideally use the MTD obtained from preoperative 3D-CT.
Moreover, tumor differentiation was also obtained from patients' operative specimens, raising the question of whether such information would be available preoperatively. Currently, the decision to biopsy pancreatic masses differs by institution. While guidelines from the NCCN and AHPBA recommend routine biopsy in patients being considered for neoadjuvant treatment, they acknowledge that routine sampling for resectable patients is debatable, as there is a small risk of biopsy-related complications and negative biopsies may not change patient management. 30, 31 Proponents of biopsy in the resectable setting, however, point towards improvements in EUS-obtained biopsies with recently reported accuracy, sensitivity, and specificity for diagnosing malignant neoplasm of 97.6%, 96.6%, and 99.0%, respectively. 32 Moreover, increased interest in incorporating endoscopic core biopsies into the workup of pancreatic masses may allow for better preoperative assessment of tumor differentiation when compared to cytology. Regardless, recognizing that tumor differentiation may not be available to many clinicians, we were able to demonstrate that, even without tumor differentiation data, the modified EMRS is still able to predict early mortality.
We believe that the EMRS may serve as a tool to help identify patients for consideration of alternatively sequenced management of resectable and borderline resectable pancreatic adenocarcinoma patients. However, we also believe that the EMRS first needs to be validated as a predictor of early mortality in a separate cohort of PD patients. While the EMRS identifies those who may not have a significant survival benefit from traditional management, it does not predict which patients would benefit from other approaches such as neoadjuvant CRT. Yet, by helping to determine which patients will be less likely to benefit from traditionally sequenced treatment, the EMRS can help ascertain those populations in which to explore alternate sequencing of treatment.
